Aims: To investigate cardiovascular (CV) safety and event rates for dapagliflozin versus other glucose-lowering drugs (GLDs) in a real-world type 2 diabetes population after applying the main inclusion criteria and outcomes from the DECLARE-TIMI 58 study.
failure (HHF) and CV disease compared to placebo, which was given on top of other glucose-lowering drugs (GLDs). [3] [4] [5] [6] However, several of these CVOTs were conducted mainly in patients with very high initial CV risk, resulting in the trial cohorts not being representative of the general T2D population in which baseline CV risk is lower. 3, 4, 7 The largest and most representative CVOT of an SGLT2 inhibitor is the DECLARE-TIMI 58 study on dapagliflozin, which included 17 160
patients with a broad range of CV risk, both those with established CV disease and those with multiple risk factors but without established CV disease. 5, 7 DECLARE-TIMI 58 showed that dapagliflozin lowered risks of HHF and kidney disease in patients with T2D with a broad CV risk profile, as was also indicated by previous observational studies. 5, [8] [9] [10] Dapagliflozin is currently the most commonly prescribed SGLT2 inhibitor drug worldwide, [10] [11] [12] and has been shown to be effective in lowering blood glucose in various clinical settings. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] One fundamental difference between CVOTs and observational studies is the use of strict CV inclusion criteria in the former, whereas a broader range of patients are included in the latter. The choice of CV inclusion criteria in CVOTs therefore predefines the trial-specific baseline CV risk, thereby impacting the representativeness of the trial population compared to a general T2D population. 7 This difference is important, as people with T2D who have, for example, a high CV risk may respond differently to the intervention compared with those with low CV risk, potentially challenging the external validity of results when comparing a trial population with a general T2D population. 23, 24 We present a novel way of evaluating the external validity of CVOT results (DECLARE-TIMI 58) in an observational setting, by both using similar main CV inclusion criteria to define a population (DECLARE-likepopulation), and by assessing identical trial-specific outcomes (HHF or CV mortality, and major adverse CV events [MACE] ). 5 To our knowledge, no observational study assessing an SGLT2 inhibitor and its associations with CV risk has previously investigated the external validity of CVOT results by applying the same CV inclusion criteria to a general T2D population and assessing identical outcomes.
The aim of the present analysis was to study the CV safety and event rates of new use of dapagliflozin compared with new use of other GLDs in a DECLARE-like real-world T2D population after applying similar main inclusion criteria and identical outcomes to those of DECLARE-TIMI 58. 5 
| MATERIALS AND METHODS

| Data sources
This work is part of the D360 Nordic programme, a large-scale diabetes investigation to obtain full understanding of T2D and its drug treatment. 1, 25 This programme uses the unique features of available mandatory healthcare registries and corresponding healthcare systems to identify all patients with T2D with filled GLD prescriptions (Supporting Information File S1). 26 Sweden has a comprehensive, nationwide public healthcare system. All citizens have a unique personal identification number (person-ID), which is mandatory for all administrative purposes (including any contact with the healthcare system and filling of drug prescriptions), thus providing a complete full population medical his- Table S1 for how inclusion criteria in the trial were translated to fit with codes in the registry data]). 5 A new-user event date (index date) was defined as the date of the initial filled prescription for dapagliflozin or another GLD, preceded by a 12-month period without any filled prescription for the same drug class. This definition allowed several possible new-user dates for a patient within the observation period, both within drug class and between classes (Supporting Information File S3).
| Baseline data
Patient characteristics included age at the date of index drug, sex, index date and date of first registered dispensing of another GLD) 1, 27, 28 ; detailed definitions are provided in Table S2 . Comorbidities were searched for in all available data prior to and including the index date, with the exception of severe hypoglycaemia (up to 12 months prior to index date) and cancer (up to 5 years prior to index date); detailed definitions are provided in Table S3 . Previous medications were defined as any drugs received within the 12 months preceding and including the index date; detailed definitions are provided in Table S4 .
| Follow-up
Patients were observed from index date until 31 December 2016 or death, the period used for the intention-to-treat (ITT) analyses. An ontreatment (OT) approach was also used, whereby follow-up stopped at index drug treatment discontinuation, defined as the first gap of twice the length (6 months) of a reiteration period of 3-months after the last drug dispense.
| Definition of outcomes
Similar to DECLARE-TIMI 58, 5 dual primary outcomes were studied:
HHF or CV mortality, and MACE, defined as a main diagnosis of myocardial infarction or ischaemic stroke or CV-specific mortality. In addition, secondary outcomes were HHF, all-cause mortality (defined as death from any cause), and atrial fibrillation and severe hypoglycaemia, both defined by in-or outpatient visits for these conditions. For detailed outcome definitions, see Table S3 . 10 
| Statistical analysis
Baseline characteristics are presented as mean and SD values for continuous variables and absolute and relative frequencies for categorical variables. Standardized differences were calculated for all baseline variables and a standardized difference of >10% was used to detect non-negligible group imbalance. 29 The propensity score for new-drug initiation of dapagliflozin was calculated for each event and was estimated using a logistic regression and at different time points. 12 The primary analysis was a survival analysis using a Cox proportional hazards model, with time since index date as underlying time scale, where a risk reduction in the dapagliflozin group was considered to be statistically significant where P values were <0.05 and the hazard ratio (HR) was <1.
The dependence between episodes within a patient was handled by using the robust variance estimator for clustered observations (in this case, a >1 drug initiation episode being potentially clustered within the same patient) to statistically adjust the CIs to take this into account. 31 Proportional assumptions were tested by examination of the scaled Schoenfeld residual over time. All-cause mortality event rates per 1000 patient-years and established CV disease percent was plotted for the comparator groups, both in the DECLARE-like cohort and in the three CVOTs to analyse the relationship descriptively. All analyses were conducted using R statistical software (R version 3.5.0). 32 
| Sensitivity analyses
For the sensitivity analyses, firstly, the HR for each outcome was estimated after additional adjustment for history of heart failure, age, sex, frailty, history of myocardial infarction, history of atrial fibrillation, duration of diabetes mellitus treatment, angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker use, β-blocker or α-blocker use, calcium channel blocker use, loop diuretic use, and thiazide diuretic use. [33] [34] [35] Secondly, ITT analyses were performed for all episodes of new use of dapagliflozin and other GLDs; for example, without applying main inclusion criteria from DECLARE-TIMI 58, calculating new propensity scores and re-matching using identical methods as for the primary cohort.
3 | RESULTS
| Unmatched patient characteristics and treatments
Overall, 287 180 new-user events for dapagliflozin or other GLDs were identified during the observation period years 2013 to 2016
( Figure 1 ). Before matching, patients in the dapagliflozin group were younger, were less frequently women, and had more microvascular disease and less CV burden, compared to patients in the other GLD group (Table S5 ). The dapagliflozin and other GLD groups were similar with respect to CV disease-preventive treatment, statins, antihypertensives and low-dose aspirin.
| Propensity-score-matched analyses
After matching, a total of 28 408 new-user events for either dapagliflozin (n = 7102) or other GLDs (n = 21 306) were identified ( Figure 1 ). The groups were well balanced at baseline. The mean patient age was 66 years, 34% were women, 35% had established CV disease, 9% had prior heart failure, 38% had microvascular disease, and 100% had prescription fills of CV disease-preventive drugs (Table 1 ; for more detailed baseline data see Table S6 ). Compared with the participants in DECLARE-TIMI 58, the DECLARE-like cohort was 2 years older, had 6% less CV disease, 1% less heart failure, and similar metformin, insulin and CV disease-preventive drug treatment (Table 2) . Dipeptidyl peptidase-4 (DPP-4) inhibitors and GLP-1RAs
were more frequently used in the DECLARE-like cohort, whereas sulphonylureas were less frequently used. The mean total follow-up time was 1.6 years, with a total of 45 434 patient-years. In the other GLD group, the index drug insulin had the highest proportion of exposure time (44%), followed by DPP-4 inhibitors (17%), GLP-1RAs (12%), sulphonylureas (11%), metformin (10%) and other drugs (5%). Detailed exposure time data per separate index GLD in the other GLD group are specified in Figure S1 .
| Baseline CV and population mortality rates
The all-cause mortality rates in the other-GLD group were plotted against the prevalence of established CV disease at baseline for the total DECLARE-like cohort (34%), and the groups without and with established CV disease ( Figure 2 ). The association between baseline CV disease and all-cause mortality rates appears to be linear. A similar linearity was also observed when assessing the three CVOTs in the same way. In Figure 2 , the 34% baseline CV disease mark indicates a 70% greater all-cause mortality rate for the DECLARE-like cohort compared to the CVOT populations.
| Cardiovascular outcomes
The Table 3 ). Non-significant associations for atrial fibrillation and severe hypoglycemia were also shown for the dapagliflozin group compared with the other-GLD group: HR 0.94 (P = 0.425) and HR 0.91 (P = 0.243), respectively.
| ITT vs OT analyses
When comparing OT with ITT analyses, the CIs overlapped the point estimates, but a consistent trend of more beneficial HRs for dapagliflozin vs other GLDs was observed (Figure 4 ). For MACE, the risk estimate was significant when comparing dapagliflozin vs other GLDs: Table S7 .
| Sensitivity analyses
A multiple adjusted model for the ITT analyses showed similar results to the unadjusted ITT model (Table S8) . When addressing all patients with new use of dapagliflozin and new use of another GLD (ie, without application of the DECLARE-TIMI-58 inclusion criteria), the number of patients increased by 49% to 42 292. Groups were well balanced, and the mean age and prevalence of CV disease were lower in this new cohort compared to the DECLARE-like cohort: 61.6 vs 66.2 years and 23% vs 34%, respectively (Table S9) Table S10 ).
| DISCUSSION
In this nationwide observational study, a novel approach to studying the external validity of a randomized controlled trial was applied.
The DECLARE-like cohort was defined by applying the main CV inclusion criteria from DECLARE-TIMI 58 5 to a general T2D population to study the CV safety and event rates comparing new treatment initiation of dapagliflozin vs other GLDs. The real-world study in the DECLARE-like cohort showed nearly identical outcome results for dapagliflozin to those observed in the randomized controlled trial DECLARE-TIMI 58. 5 There are several major important findings from this work. First, despite the fact that after propensity-score matching, the DECLARElike cohort was similar in baseline characteristics compared with the trial population in DECLARE-TIMI-58, 5 the real-world DECLARE-like cohort seemed to be substantially frailer, with higher all-cause Abbreviations: CV, cardiovascular; HHF, hospitalization for heart failure; MACE, major adverse cardiovascular events (CV-specific mortality, non-fatal myocardial infarction and non-fatal stroke). . CV, cardiovascular; ER, event rate per 1000 patient-years; HHF, hospitalization for heart failure; MACE, major adverse cardiovascular events (CV-specific mortality, non-fatal myocardial infarction and non-fatal stroke) FIGURE 4 Forest plots comparing results from intention-to-treat (ITT) vs an on-treatment (OT) analysis. CV, cardiovascular; ER, event rate per 1000 patient-years; HHF, hospital event for heart failure; MACE, major adverse cardiovascular events (CV-specific mortality, non-fatal myocardial infarction and non-fatal stroke) mortality rates. Very similar efficacy findings were observed in the DECLARE-like cohort to those found in the DECLARE-TIMI 58 cohort, with dapagliflozin being associated with reductions in HHF or CV mortality (21% vs 17%), HHF (21% vs 27%) and non-significant for MACE (10% vs 7%), while for myocardial infarction and stroke the associations were neutral in both studies. 5 In the DECLARE-like cohort, however, effects on CV-specific mortality and all-cause mortality were observed, in contrast to the results of the DECLARE-TIMI 58 study. This variability in results may be explained by the large difference in population frailty observed between the two studies. In fact, the DECLARE-like cohort was substantially more frail than that of DECLARE-TIMI 58, as suggested by the 1.7-fold higher mortality rate, which might have conferred a higher risk of dying for example, from an HHF event, than surviving. This is important as the likelihood of surviving an heart failure event is higher in a less frail population (that of the DECLARE-TIMI 58 study) than in both the present realworld DECLARE-like cohort and the populations of other CVOTs in which use of SGLT2 inhibitors vs other GLDs might have greater impact on heart failure-mediated CV mortality ( Figure 3 ). [3] [4] [5] .
Moreover, the size of treatment effect of SGLT2 inhibitors on CV mortality seems to be associated with population frailty, as shown clearly in Figure 3 . It is therefore likely that, as a result of the lower population frailty in the DECLARE-TIMI 58 population, the beneficial effects of dapagliflozin on CV mortality risk are underestimated, both when compared with other CVOTs and compared with patient populations in a real-world setting. 5 This is also relevant as general T2D
populations are even frailer, with all-cause mortality event rates as high as 36 per 1000 years, 1 compared with the DECLARE-like cohort, in which there were 25.6 events per 1000 patient-years, indicating a potentially greater dapagliflozin effect if its use were to be applied in a broader population. Additionally, there may be a greater impact on all-cause mortality in a real-world setting as the non-CV-specific mortality may be partly attributable to underlying CV disease, which is not as well captured by real-world clinical assessment and death certificate reports as it would be by the CVOT endpoint committee adjudication.
The second important finding is that MACE risk was similarly lower for dapagliflozin in the DECLARE-like cohort compared to the cohorts of the other CVOTs, but the difference was not statistically was also similar to other CVOTs regarding significance level. [3] [4] [5] To assess the effects of discontinuing the index drug, we compared results from the ITT approach with those of the OT approach by censoring at index drug discontinuation (Figure 4 ). In the OT analyses, the results showed a consistent trend towards stronger riskreduction estimates with dapagliflozin for all CV-related outcomes.
For all CV outcomes, the event rate decrease was greater with dapagliflozin compared with more stable rates for other GLDs when comparing ITT vs OT approach; suggesting that we rather observe a treatment effect of dapagliflozin than adverse effects with other
GLDs, see Figure 4 . The results for dapagliflozin are similar to those reported in the CVD-REAL Nordic studies, which shows the robustness of our methods and results. 9, 10 Strengths of the present study include its population-based, nationwide and real-world design, which provides high external validity and a large enough population to allow propensity-score-matched analyses. The results were consistent with DECLARE-TIMI 58 as well as several observational studies and subgroup analyses. 5, 9, 10 In addition, national registers with full coverage for hospitalizations, filled drug prescriptions and cause of death were used in the setting of an established and complete public healthcare system. Because diagnostic accuracy, such as identification of HHF in registries, can be challenging, it is reassuring that CV diagnoses in Sweden have high validity. 38 Anticipated neutral associations with atrial fibrillation and severe hypoglycaemia confirm the balanced baseline risk profile for the dapagliflozin group and other-GLD group.
The study is limited by confounding factors, for example, selection bias or lack of data, impacting the CV risk at baseline, which is a common concern in observational studies; however, in the present study, strikingly similar results were obtained with regard to a broad number of outcomes compared to the CVOTs, which is unlikely to be explained solely by random or confounding effects. In the other-GLD group, a significant proportion of patients had an index date for new initiation of insulin, which in observational studies has been shown to be associated with increased CV and mortality risks and to drive adverse effects when used as a comparator 28, [39] [40] [41] ; however, in the present DECLARE-like cohort, 45% of the patients were already on insulin at baseline, which may have diluted the potential effects of new insulin treatment initiation. Moreover, the greater event rate decrease with dapagliflozin compared with stable event rates in other GLD, comparing the ITT with the OT approach, suggest a CV effect with dapagliflozin rather than adverse effects in the other GLD group, see Figure 4 . In the recently published CVD-REAL Nordic study by
Persson et al, 9 comparing dapagliflozin with DPP-4 inhibitors, nearly identical results were found using the same methods and including data from several countries, support the notion of beneficial effects of dapagliflozin rather than adverse effects of other GLDs. In another CVD-REAL Nordic study by Birkeland et al, 10 comparing SGLT2 inhibitor use (94% dapagliflozin) with use of other GLDs, subgroup analyses with respect to treatment with insulin did not detect any interactions; thus, these large observational studies with similar outcomes and results showed no interactions with insulin treatment at baseline 10 or during follow-up. 9 The results of the present study design, based on propensity-score matching on a large number of clinically relevant variables (>90 variables), have been shown to be robust, and the differences in mortality risks are probably explained by different levels of population frailty, as also discussed by Wiviott et al. 5 The results are only representative for patients who have initiated dapagliflozin treatment in a single country or have similar clinical characteristics and cannot be extended to all patients with T2D; however, in a recent publication, it is suggested that primary analyses should be performed in a single database and discussed in the context of cross-national comparisons. 42 Hence, we would encourage multinational studies, similar to the present DECLARE-like study, using the rich healthcare registry data available across the world.
11,12
The present work has no information on laboratory measurements, lifestyle variables, primary healthcare data or socio-economic data, and consequently there may be remaining confounding factors.
The close matching on a large number of essential variables ensures that some confounding factors are controlled for, but even propensity-score matching does not address all potential confounding, for example, residual confounding by indication. Furthermore, we had no information on diabetes duration; however, we used a proxy for time since diagnosis by matching for age at index date, time since first registered GLD treatment and classes of GLDs at baseline. We had no information on emigration, which could result in loss to follow-up. No information on immigration was available, and some patients might have less comprehensive disease history in this patient group.
A novel aspect of the present study is the two-step approach for the complete translation of CVOT results from a selected trial population to a broad T2D population. First, the unique design of this observational study provides a translation of beneficial dapagliflozin efficacy results from DECLARE-TIMI 58 into a real-world DECLARE-like cohort by applying both main CV inclusion criteria to a general T2D population and using the same specific outcomes. Second, the results from this DECLARE-like study are consistent with previously reported observational dapagliflozin studies, thereby supporting the translation of effect from the present study to all available patients using dapagliflozin, for example, those in the CVD-REAL Nordic study. 9, 10 In summary, we showed significant and robust dapagliflozin effects in a DECLARE-like cohort similar to that of the DECLARE-TIMI 58 trial, suggesting that the CVOT results can be translated in to a real-world setting and vice versa. Moreover, we also showed that mortality results might be different in DECLARE-TIMI 58 because of its relatively low population frailty compared to other CVOTs and observational studies. Finally, we showed that assessment of drug treatments in a real-world setting could provide valuable additional insights if carried out correctly, and that results could be an important complement to randomized controlled trials.
In conclusion, in this DECLARE-like cohort consisting of patients with T2D with established CV disease or multiple risk factors, we showed that the beneficial CV effects of dapagliflozin were similar to those reported in the DECLARE-TIMI 58 trial, suggesting that the results can be translated into a real-world setting. Despite the similarities between results of this DECLARE-like study and several CVOTs, it is not unlikely that the effect of dapagliflozin on mortality in DECLARE-TIMI 58 might be different in a real-world setting were patients are significantly more frail.
